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SEAL RING ELEMENT figuration , suitable for very high pressure applications , to 
provide a high degree of seal integrity over a long period of 

The present invention relates to a method and apparatus time . 
for securing flexible pipe body in an end fitting . In particular , It is an aim of certain embodiments of the present inven 
but not exclusively , the present invention relates to the use 5 tion to provide a seal ring which has a body with parts that 
of a seal ring to provide a fluid seal between a polymer layer can simultaneously be urged radially inwardly and radially 
of the flexible pipe body and the end fitting . outwardly to maximise a sealing effect against underlying 

Traditionally , flexible pipe is utilised to transport produc and overlying parts . 
tion fluids , such as oil and / or gas and / or water , from one It is an aim of certain embodiments of the present inven 
location to another . Flexible pipe is particular useful in 10 tion to utilise an available internal positive pressure to 
connecting a sub - sea location to a sea level location . Flex - enhance rather than reduce a contact pressure at a metal - to 
ible pipe is generally formed as an assembly of a segment of metal and / or metal - to - polymer surface where a seal ring is 
flexible pipe body and one or more end fittings . The pipe utilised . This helps make seal integrity less susceptible to 
body is typically formed as a composite of layered materials 15 joint separation . 
that form a pressure - containing conduit . The pipe structure It is an aim of certain embodiments of the present inven 
allows large deflections without causing bending stresses tion to provide a method of providing a fluid seal between 
that impair the pipe ' s functionality over its lifetime . The a polymer layer and an end fitting of a flexible pipe . 
pipe body is generally built up as a composite multi - layer It is an aim of certain embodiments of the present inven 
structure including metallic and polymer layers . 20 tion to provide an end fitting which itself provides a fluid 

The end fittings of a flexible pipe may be used for communication passageway to communicate positive pres 
connecting segments of flexible pipe together or for con - sure from a bore region of flexible pipe to one or more 
necting them to terminal equipment such as rigid sub - sea locations where such positive pressure can be used to help 
structures or floating facilities . As such , amongst other energise a seal element and / or assist with a sealing process . 
varied uses , flexible pipe can be used to provide a riser 25 It is an aim of certain embodiments of the present inven 
assembly for transporting fluids from a sub - sea flow line to tion to provide a method of terminating flexible pipe body in 
a floating structure . In such a riser assembly a first segment an end fitting . 
of flexible pipe may be connected to one or more further According to a first aspect of the present invention there 
segments of flexible pipe in an in - line configuration . Each is provided a seal ring element for providing a fluid seal 
segment of flexible pipe includes at least one end fitting . 30 between a polymer layer and an end fitting of a flexible pipe , 

It is well known that there are many varied problems comprising of an annular body that has a cross section 
associated with the provision of end fittings for ends of comprising a first arm portion and further arm portion 
flexible pipe body and for the way ends of the flexible pipe extending in a spaced apart relationship away from a body 
body can be terminated in such end fittings . The end fittings end portion . 
must ensure both good fastening and good sealing . Particu - 35 Aptly the first arm portion comprises the first abutment 
lar problems occur when the various specific layers of the surface that faces a corresponding further abutment surface 
multi - layer flexible pipe body are terminated . The flexible of the further arm portion , said first and further abutment 
pipe body may include layers having very different material surfaces being progressively spaced apart in a direction 
characteristics such as single polymer layers and / or inter - away from the end portion . 
locked metallic layers . The termination of each of these 40 Aptly the first and further arm portion are spaced apart to 
layers in an end fitting brings with it characteristic problems . provide a flat bottomed V - shaped groove in the annular body 
For example , flexible pipe body typically includes a barrier facing away from the end portion . 
layer or liner formed as a polymer sheath . Such a layer Aptly the first arm portion is substantially wedge shaped 
operates as a primary liquid retaining layer . To prevent and tapers to a narrow first arm end region distal to the end 
collapse of this layer or to prevent rupture of such a layer 45 portion . 
under high pressure caused by the pressure of the trans - Aptly an outer pipe body facing surface of the first arm 
ported fluid , an interlocked wire layer is often located inside portion is substantially flat . 
and outside the fluid retaining layer . Further armour layers Aptly the outer pipe body facing surface of the first arm 
formed by layers of wire may also be provided to help portion comprises at least one serration . 
sustain tensile loads and internal pressure . All of these layers 50 Aptly the outer pipe body facing surface of the first arm 
must be adequately terminated in an end fitting of some kind portion extends into a pipe body facing surface of the end 
at the two ends of any segment of pipe body . portion . 

It is vitally important to provide a fluid seal where any Aptly the outer pipe body facing surface of the first arm 
fluid containing layer is terminated in an end fitting . A extends into the pipe body facing surface of the end portion 
continuous fluid impermeable dam must effectively be pro - 55 via a cut out region . 
vided that blocks flow of fluid out of a central bore region Aptly the cut out region is full of gap filler material . 
of a flexible pipe . Current sealing technology utilises a Aptly the outer pipe body facing surface of the first arm 
pre - loaded seal . In such circumstances , it is known that portion and the pipe body facing surface region of the end 
internal pressure from an internal bore region of a flexible portion together comprise a radially innermost surface of the 
pipe can in fact act to reduce a contact force on a metal - to - 60 annular body . 
metal face of a seal . This can lead to rotation at a seal Aptly the further arm portion is substantially wedged 
interface and ultimately joint separation . This can cause shaped and tapers to a narrow further arm end region distal 
flexible pipe failure . to the end portion . 

It is an aim of the present invention to at least partly Aptly an outer polymer sleeve facing surface of the 
mitigate the above - mentioned problems . 65 further arm portion is substantially flat . 

It is an aim of certain embodiments of the present inven - Aptly the outer polymer sleeve facing surface of the 
tion to provide an improved seal ring and end fitting con - further arm portion comprises at least one serration . 

ortion 
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pipe . 

Aptly the outer polymer sleeve facing surface of the fitting , to a respective outlet in an annular nose - shaped 
further arm portion extends into a polymer sleeve facing region protruding from an abutment surface of the end fitting 
surface of the end portion . body . 

Aptly the outer polymer sleeve facing surface of the Aptly the method further comprises providing the positive 
further arm portion extends into the polymer sleeve facing 5 pressure at a location where the nose - shaped region opposes 
surface of the end portion via a cut out region . a groove provided between the first and further arm portions . Aptly the cut out region is full of gap filler material . Aptly the method further comprises , as the inner end Aptly the further arm portion comprises an outer end fitting member is secured , driving the inner end fitting fitting facing surface comprising a first flat region extending member against an abutment surface of a body end portion from a point at an end of a tip of the further arm portion , via 10 of the annular body thereby driving the annular body against a bend , to a further flat region extending towards the end the nose - shaped region of the end fitting body . portion . 

Aptly the outer end fitting body facing surface of the Aptly the method further comprises providing the fluid 
further arm portion extends into an end fitting facing surface seal between a polymer layer comprising an internal pres 
of the end portion . 15 sure sheath of a flexible pipe and an end fitting of the flexible 

Aptly the outer end fitting facing surface of the further 
arm portion extends into the end fitting facing surface of the According to a third aspect of the present invention there 
abutment end portion via a cut out region . is provided an end fitting for a flexible pipe , comprising an 

Aptly the cut out region is full of gap filler material . end fitting body and an inner end fitting member wherein the 
Aptly the outer end fitting facing surface of the further 20 end fitting body comprises an annular nose - shaped region 

arm portion and the end fitting facing surface of the end extending in an inner end fitting member facing direction 
portion together comprise a radially outermost surface of the away from a flange fitting end of the end fitting body . 
annular body . Aptly the end fitting further comprises a seal ring element 

Aptly the end portion comprises an abutment surface comprising an annular body that has a cross section com 
extending between a radially innermost and outermost sur - 25 prising a first arm portion and a further arm portion extend 
face of the annular body . ing in a spaced apart relationship away from a body end 

Aptly the abutment surface comprises a cut out region full 
of gap filler material or providing a seat for an ' O ' ring . Aptly the inner end fitting member comprises an inner Aptly the annular body is integrally formed from a collar member that comprises a main collar body portion and metallic material . 30 Bu a neck portion extending away from the main collar body Aptly the seal ring element provides at least two metal portion . 
to - metal sealing surfaces . 

Aptly the seal ring element has a substantially C - shaped Aptly the end fitting further comprises a sealing seat and 
or V - shaped or K - shaped cross section . associated seal ring element on an abutment surface of the 

According to a second aspect of the present invention 35 mai on 25 main collar body portion . 
there is provided a method of providing a fluid seal between Aptly the end fitting further comprising a polymer sleeve 
a polymer layer and an end fitting of a flexible pipe , comprising an annular body integrally formed from a poly 
comprising the steps of an inner end fitting member is mer material locatable in an annular recess between the 
secured to an end fitting body of an end fitting , simultane inner end fitting member , or the end fitting body , and the seal 
ously urging a first arm portion of an annular body of a seal 40 ring element . 
ring element , located in a recessed region between the inner Aptly the end fitting further comprising at least one fluid 
end fitting member and the end fitting body , radially communication passageway extending from an inlet at an 
inwardly and a further arm portion of the annular body inlet region of the end fitting body to a respective outlet on 
radially outwardly . the nose - shaped region . 

Aptly the method further comprises urging an outer pipe 45 Aptly the outlet is located at an apex region of the 
body facing surface of the first arm potion into a polymer nose - shaped region . 
layer of flexible pipe body terminated in the end fitting when According to a fourth aspect of the present invention there 
the first arm is urged radially inwardly . is provided an end fitting for a flexible pipe , comprising an 

Aptly the method further comprises urging an outer end fitting body and an inner end fitting member ; wherein at 
polymer sleeve facing surface of the further arm portion into 50 least one fluid communication passageway extends from an 
a polymer sleeve , located in an annular space , in the recessed inlet at an inlet region of the end fitting body to an outlet 
region , between the annular body and the inner end fitting located proximate to an interface region between the end 
member or the end fitting body when the further arm is urged fitting body and a sealing ring element . 
radially outwardly . According to a fifth aspect of the present invention there 

Aptly the method further comprises urging an outer end 55 is provided a method of terminating flexible pipe body in an 
fitting facing surface of the further arm portion into a end fitting , further comprising the steps of cutting each of 
radially inwards facing surface of the inner end fitting one or more layers of the flexible pipe body to a respective 
member or the end fitting body when the further arm is urged pre - determined length ; providing an inner end fitting mem 
radially outwardly . ber over an outer layer of flexible pipe body ; providing a seal 

Aptly the method further comprises providing a positive 60 ring element over the layer of the flexible pipe body ; 
pressure at an interface region between at least one of the providing an end fitting body at a cut end of the flexible pipe 
first and further arms and the end fitting body . body ; and securing the inner end fitting member to the end 

Aptly the method further comprises providing the positive fitting body whilst simultaneously energising a seal ring 
pressure via at least one fluid communication passageway element having a cross section that includes two arms , 
that extends from a respective inlet at an inlet region of the 65 against a polymer layer of the flexible pipe body and a 
end fitting body , in fluid communication with an inner bore radially outer body comprising a polymer sleeve or surface 
region of flexible pipe body being terminated in the end of the inner end fitting member or end fitting body . 
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According to a sixth aspect of the present invention there illustrated in FIG . 1 , it is to be understood that the present 
is provided apparatus constructed and arranged substantially invention is broadly applicable to composite pipe body 
as hereinbefore described with reference to the accompany - structures including two or more layers . 
ing drawings . As illustrated in FIG . 1 , pipe body 100 typically includes 

According to the seventh aspect of the present invention 5 an innermost carcass layer 101 . The carcass provides an 
there is providing a method substantially as hereinbefore interlocked metallic construction that can be used as the 
described with reference to the accompanying drawings . innermost layer to prevent , totally or partially , collapse of an 

Certain embodiments of the present invention provide a internal pressure sheath 102 due to pipe decompression , 
seal ring which has an annular body with a cross section that external pressure , tensile armour pressure and mechanical 
includes two arms extending away from a main seal ring 10 crushing loads . 
body part . The arms and body effectively form a V - shaped The internal pressure sheath 102 typically comprises a 
seal ring so that when fluid pressure is applied to inner polymer layer that ensures internal - fluid integrity . As such 
surfaces between arms of the seal ring , the net force tends to this layer is a fluid retaining layer . It is to be understood that 
open up the seal deflecting each arm outwardly thus helping this layer may itself comprise a number of sub - layers . When 
to increase any contact force exerted by an arm on adjacent 15 a carcass layer is utilised this layer is often referred to as a 
metal or polymer parts of an end fitting and a polymer layer barrier layer . When a carcass is not used the layer is often 
of the flexible pipe body . referred to as a liner . 

Certain embodiments of the present invention provide a A pressure armour layer 103 is a structural layer with a lay 
seal ring which provides two separate sealing surfaces . One angle close to 90° that increases the resistance of the flexible 
makes a standard polymer - metal seal on an inner surface and 20 pipe to internal and external pressure and mechanical crush 
the other makes a metal - to - metal seal on an outer surface . ing loads . The layer also structurally supports the internal 
The metal - to - metal seal is in a horizontal plane and is pressure sheath and typically consists of an interlocked 
therefore less susceptible to lose contact pressure should metallic construction . 
there be any movement in a retaining part of the end fitting . The flexible pipe body may also include one or more 

Certain embodiments of the present invention utilise an 25 layers of tape 104 and a first tensile armour layer 105 and 
additional polymer sleeve in a recess of a part of an end second tensile armour layer 106 . Each tensile armour layer 
fitting . The sleeve is compressed by an outer edge of an arm is a structural layer with a lay angle typically between 20° 
of a seal ring upon assembly ( termination of an end in an end and 55° . Each layer is used to sustain tensile loads and 
fitting ) to create a double metal - to - polymer seal . As a result internal pressure . The tensile armour layers are typically 
the need for precision machining of any sealing surfaces is 30 counter - wound in pairs . 
avoided and a more assembly tolerant sealing mechanism is The flexible pipe body also typically includes layers of 
provided . insulation 107 and an outer sheath 108 which comprises a 

Certain embodiments of the present invention help use an polymer layer used to protect the pipe against penetration of 
internal pressure , typically exerted on an inner bore region seawater and other external factors resulting from the local 
of a flexible pipe in use , to enhance a seal contact pressure . 35 environment . Such factors may be corrosion , abrasion and 

Certain embodiments of the present invention provide a or mechanical damage or the like . 
method of providing a fluid seal between a polymer layer E ach flexible pipe comprises a segment of pipe body 100 
and an end fitting of a flexible pipe . As an inner piece of an together with an end fitting located at at least one end of the 
end fitting is secured to an end fitting body a first arm of an flexible pipe . An end fitting provides a mechanical device 
annular seal ring is urged radially inwardly whilst simulta - 40 which forms the transition between the flexible pipe body 
neously a further arm of the seal ring is urged radially and a connector . The different pipe layers as shown , for 
outwardly . example , in FIG . 1 are terminated in the end fitting in such 

Certain embodiments of the present invention will now be a way as to transfer the load between the flexible pipe and 
described hereinafter , by way of example only , with refer the connector . Also a fluid retaining ability must be main 
ence to the accompanying drawings in which : 45 tained . 

FIG . 1 illustrates flexible pipe body ; FIG . 2 illustrates a riser assembly 200 suitable for trans 
FIG . 2 illustrates use of a flexible pipe ; porting production fluid such as oil and / or gas and / or water 
FIG . 3 illustrates an end of flexible pipe body terminated from a sub - sea location 201 to a floating facility 202 . For 

in an end fitting ; example , in FIG . 2 , the sub - sea location 201 is a sub - sea 
FIG . 4 illustrates an end fitting body ; 50 flow line . The flexible flow line 203 comprises a flexible 
FIG . 5 illustrates a seal ring ; pipe , wholly or in part , resting on the sea floor 204 or buried 
FIG . 6 illustrates a seal ring pre - swaging ; below the sea floor and used in a static application . The 
FIG . 7 illustrates the seal ring shown in FIG . 6 post - floating facility may be provided by a platform and / or buoy 

swaging ; or , as illustrated in FIG . 2 , a ship . The riser 200 is provided 
FIG . 8 illustrates an alternative seal ring pre - swaging ; 55 as a flexible riser , that is to say a flexible pipe connecting the 
FIG . 9 illustrates the seal ring as shown in FIG . 8 ship to the sea floor installation . The flexible pipe includes 

post - swaging ; and two segments of flexible pipe body 205 , to 205 , and one 
FIG . 10 illustrates an alternative location for a seal ring as junction 206 between adjacent segments of pipe body . 

flexible pipe body is terminated in an end fitting . It will be appreciated that there are different types of riser , 
In the drawings like reference numerals refer to like parts . 60 as is well - known by those skilled in the art . Certain embodi 
Throughout this specification reference will be made to a ments of the present invention may be used with any type of 

flexible pipe . It will be understood that a flexible pipe is an riser , such as a freely suspended riser ( free , catenary riser ) , 
assembly of pipe body and one or more end fittings in each a riser restrained to some extent ( buoys , chains ) , or a totally 
of which a respective end of the pipe body is terminated . restrained riser or enclosed in a tube ( I or J tubes ) . Also it 
FIG . 1 illustrates how pipe body 100 is formed from a 65 will be appreciated that certain embodiments of the present 
composite of layered materials that form a pressure - contain - invention can be used for single segment risers having , for 
ing conduit . Although a number of particular layers are example , a single long length of pipe body terminated at one 
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or both ends with an end fitting or to multi segment risers described in more detail below could of course be used with 
having more than one segment . a suitable modification being made to the body of the jacket 

It will also be appreciated that whilst certain embodiments where the seal ring fits . 
of the present invention may be applied to the provision of FIG . 4 illustrates the end fitting body 301 shown in FIG . 
risers , certain embodiments are generally applicable to any 5 3 in more detail . FIG . 4 helps illustrate the shape and 
instance when an end fitting must be used to terminate an configuration of the end fitting body at the open mouth end 
end of a portion of flexible pipe body . of the end fitting body . That is to say at the end of the end 

FIG . 3 illustrates an end fitting 300 for a flexible pipe . fitting body which receives an end of the flexible pipe body . 
FIG . 3 helps illustrate how an end of a segment of flexible An outermost circular end surface 400 abuts the inner collar 
pipe body can be terminated in an end fitting . The end fitting 10 332 in use . The abutment surface 400 is then cut away into 

a substantially cylindrical space defined by a cylindrical 300 includes an end fitting body 301 which includes an surface 405 which forms a recess 410 which , in use , can internal bore 302 running along its length . The size of the receive a polymer sleeve 340 . This recess 410 lies radially bore substantially matches a bore size of the flexible pipe outwards of a nose - shaped region 420 . The nose - shaped body of the flexible pipe . The end fitting body is made from 15 Thing body is made from 15 region 420 extends in annular fashion facing away from the 
steel or some other rigid material . A first end 305 of the end connector 312 . A further stepped region 430 is arranged in 
fitting body 301 defines an open mouth region 306 ( see also the end fitting body from a radially inner most part of the 
FIG . 4 ) into which an end of a segment of flexible pipe body nose - shaped protuberance to the cylindrical surface that 
100 is located and then terminated . At a further end 310 of defines the bore of the end fitting body . 
the end fitting body 301 is a connector 312 . This connector 20 FIG . 4 also helps illustrate how a fluid communication 
is formed as a substantially flange - like flared out region of passageway 450 extends from an opening 460 in the further 
the end fitting body . The connector 312 can be connected stepped region 430 that communicates with the inner bore of 
directly to a matching connector of a further end fitting body the end fitting body and connects that opening 460 to a 
of an adjacent segment of flexible pipe . This can be done further opening 470 at the tip of the nose like body . The 
using bolts or screws or some other such form of securing 25 passageway 450 allows fluid pressure to be communicated 
mechanism . In such a configuration the end fittings would be from the bore region 302 to a location on the nose - shaped 
located in a so - called back - to - back arrangement . Alterna protuberance where a sealing ring 320 is to be energised . 
tively the connector 312 may be connected to a floating or FIG . 5 illustrates a seal ring for providing a fluid seal 

between a polymer layer and an end fitting of a flexible pipe . stationary structure such as a part of a ship , platform or other 
structure to which the flexible pipe is to be secured . 30 As illustrated in FIG . 5A the seal ring has a common cross 

The inner carcass layer 101 and barrier layer 102 are section and is a substantially ring - like element . The annular 
body of the seal ring has a cross section which includes a terminated by being cut at a particular location to provide an first arm 500 and a further arm 510 . These extend in a spaced end 315 to the flexible pipe body . A sealing ring 320 is 

located at an end of a stepped region 330 of the end fitting 35 annular body . The first arm 500 includes a generally smooth 
apart relationship away from an end portion 530 of the 

body so as to help seal the end 326 of the barrier layer . When inner surface 540 which is spaced apart from and faces a the design of the flexible pipe body requires a barrier layer corresponding generally smooth inner surface 550 of the correspondi 
made up from multiple layers of polymer extrusion , or when further arm 510 . These surfaces form abutment surfaces 
no carcass is present in the structure ( so - called smooth bore ) which engage with the nose - shaped region of an end fitting 
a rigid sleeve can be inserted between some of these layers , 40 body in use . They are progressively spaced apart away from 
or inside the liner respectively , to facilitate sealing , between the end portion 530 of the annular body . The abutment 
the sealing ring and the barrier layer , by providing additional surfaces 540 , 550 are spaced apart near the end portion 530 
support to the polymer in the location proximate to the end of the annular body to provide a flat bottomed V - shaped 
326 of the barrier layer . groove 560 . 

An inner collar 332 is an annular element which has a 45 A radially innermost surface of the first arm 500 has a 
collar body 335 at a first end which extends , via a neck 337 , serrated surface 565 whilst a radially outermost surface of 
away from the connector end 310 of the end fitting . This the further arm 510 has a serrated surface 570 . The serra 
inner collar 332 can be secured via bolts 338 or screws or the tions , which are optional , help create a seal with an adjacent 
like to a face of the end fitting body . When the inner collar layer . Each arm of the seal ring illustrated in FIG . 5A is 
332 is driven against the end fitting body the sealing ring 320 50 substantially wedged shaped and tapers to a narrow arm end 
is energised and helps seal between an outer surface of the away from the end portion of the annular body . 
barrier layer 102 and the end fitting or , as illustrated in FIG . The serrated surface 565 of the first arm 500 forms a part 
3 , an annular polymer sleeve 340 located in a recess in the of a pipe body facing surface of the first arm and this extends 
end fitting body . into a pipe body facing surface 575 of the end portion of the 

FIG . 3 helps illustrate how wires 342 of an armour layer 55 annular body via a cut out section 580 . In use this cut out 
winding may be peeled away from the flexible pipe body and portion 580 can be filled with gap filler material to help 
terminated within a space 350 between the end fitting body improve a seal between the seal ring and an underlying layer . 
and pipe and an outer jacket 355 . The space may optionally The further arm 510 of the seal ring illustrated in FIG . 5 
be filled with epoxy . FIG . 3 also helps illustrate how a presents an end fitting facing surface or polymer sleeve 
further seal , formed by a further annular sealing ring 360 , 60 facing surface which includes the serrated area 570 and a 
can be provided by a combined action of an outer collar 365 corresponding outward facing surface 585 of the end portion 
when an end plate 370 is secured to an end of the jacket 355 and further cut out region 590 . In use the cut out portion 590 
engaging a body 375 of the seal ring 360 . This helps provide can be filled with filler material to help create a seal against 
a seal between the outer sheath 108 of the flexible pipe body an overlying layer or body . 
and the end fitting 300 . This further sealing ring 360 is 65 FIG . 5B helps illustrates the annular nature of the seal ring 
illustrated as a conventional sealing ring with one arm that and FIG . 5C likewise helps illustrate the ring like nature of 
extends from a body part . A dual arm seal ring of the type the seal ring . 
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FIG . 6 helps illustrate how the seal ring shown in FIG . 5 which does not include any serrations . Serrations could 
is arranged pre - swaging . That it to say before the inner collar optionally be included . The first arm 800 has an inner 
332 is driven against the end fitting body 301 to compress abutment surface 810 which , during a swaging process , is 
the seal ring 320 forcing the seal ring to conform to the space urged against the lower surface 600 of the nose - shaped 
provided creating a permanent joint . As illustrated in FIG . 6 5 region of the end fitting body . The further arm of the seal 
the seal ring 320 is located over an underlying polymer layer ring 820 has a different cross sectional shape to that shown 
such as the barrier layer 102 which itself is shown formed and described previously . The further arm 830 of the seal 
over a carcass layer 101 . FIG . 6 helps illustrate how the first ring 820 has an inner abutment surface 840 which is driven 
arm 500 is located under a part of the nose 420 whilst the against the upper surface 610 of the nose - shaped region . The 
further arm 510 which is spaced apart from the first arm 500 10 seal ring 820 illustrated in FIG . 8 is not urged against a 
and is radially outside the first arm is located outside the polymer sleeve but rather is urged against a metal surface 
nose 420 . The fluid communication pathway 450 is illus - 850 of the end fitting body . An outer end fitting facing 
trated more clearly in FIG . 6 . It will be appreciated that this surface 860 includes a flat section 870 extending from a 
can have a number of shapes such as , as illustrated in FIG . pointed tip 875 via a bend 880 to a further flat region which 
6 being provided by two bores drilled into the material . 15 then extends towards the end portion via a cut out section 
Likewise one or more side passageways may be created as 890 . 
spurs off a primary bore or alternatively one or more FIG . 9 illustrates the seal ring 820 illustrated in FIG . 8 in 
passageways may lead to regions on the upper and lower more detail post - swaging . As illustrated in FIG . 9 the first 
surface of the nose rather than the tip as illustrated in FIG . arm 800 of the seal ring 820 is urged radially inwardly in the 

20 directions shown by arrows B by virtue of a force exerted in 
Filler material 605 is illustrate in the radially innermost a direction shown by arrows E by the lower contact surface 

cut out section of the seal ring . A polymer sleeve 340 is also 600 of the nose - shaped part of the end fitting body . Likewise 
located in a recess radially outside the nose and the seal ring . a generally radially outwardly directed force F as illustrated 
In order to secure the inner collar 332 against the end fitting by the arrows labelled F drives the further arm 830 radially 
body 301 during a process of terminating a flexible pipe 25 outwardly against the end fitting in a direction illustrated by 
body the inner collar is urged in the direction illustrated by the arrows labelled G . The flat surface 870 running from the 
arrow A in FIG . 6 . FIG . 7 helps illustrate how once the inner tip 875 of the further arm is thus urged against the surface 
collar is driven against the abutment surface 400 of the end of the end fitting body forming a metal - to - metal seal . 
fitting , the seal ring 320 is energised . The seal ring is FIG . 10 illustrates how seal rings according to certain 
compressed and deforms as the inner collar is driven against 30 embodiments of the present invention can be utilised with 
the end fitting body . This deformation forces the first arm different end fitting mechanisms . More particularly , as illus 
radially inwardly because the inner surface of the arm is trated in FIG . 10 , a seal ring 1020 can be used to form a seal 
driven against a lower surface 600 of the nose - shaped region between an underlying polymer layer 102 and a polymer 
420 . Likewise the inner surface 550 of the radially outermost sleeve 1030 . The polymer sleeve 1030 is located in a recess 
arm 510 is driven against an upper surface 610 of the 35 of an inner end fitting member 1040 which is urged against 
nose - shaped region 420 . This forces the radially innermost an end fitting body 1050 during a pipe end terminating 
surface 565 of the first arm of the seal ring against the process . A seal ring 1055 helps seal the interface between the 
underlying polymer layer in the direction shown by arrows two end fitting parts . A fluid communication passageway 
B . This helps create a metal - polymer seal . The filler material 1060 extends from an opening 1065 on an inner surface 
605 expands by virtue of the change in shape of the seal ring 40 1066 of the end fitting body 1050 and extends to a tip of a 
to additionally help fill the space and create a seal between nose 1070 which extends from the end fitting body 1050 into 
the seal ring 320 and the polymer layer 102 . The radially the recess in the inner end fitting member 1040 . A polymer 
outermost arm 510 is likewise urged in a radial direction insulating ring 1080 electrically insulates the carcass in the 
when the seal ring is driven in the direction shown by arrow flexible pipe body from the end fitting components , prevent 
A . However because the nose region is driven in to the 45 ing galvanic coupling and possible corrosion between the 
V - shaped groove between the seal ring arms the radially dissimilar metals as a result . 
outermost arm is driven radially outwards in the direction Throughout the description and claims of this specifica 
illustrated by arrows C . This drives the radially outermost tion , the words " comprise ” and “ contain ” and variations of 
surface of the seal ring against the polymer sleeve 340 . The them mean " including but not limited to " and they are not 
polymer sleeve is thus pushed against the end fitting body 50 intended to ( and do not ) exclude other moieties , additives , 
which creates a resistive force illustrated by arrows D . This components , integers or steps . 
sandwiches the polymer sleeve in the recess helping to Throughout the description and claims of this specifica 
create a good seal . tion , the singular encompasses the plural unless the context 

The fluid communication passageway 450 communicates otherwise requires . In particular , where the indefinite article 
positive pressure from the region P to the region S between 55 is used , the specification is to be understood as contemplat 
the two arms of the sealing ring . The region P is in fluid ing plurality as well as singularity , unless the context 
communication with a central bore of the flexible pipe and requires otherwise . 
thus in use ( post fitting of the end fitting and when the Features , integers , characteristics or groups described in 
flexible pipe transports high pressure production fluid ) a conjunction with a particular aspect , embodiment or 
high pressure is continually exerted at the interface region 60 example of the invention are to be understood to be appli 
between the end fitting body and the seal . This helps cable to any other aspect , embodiment or example described 
constantly urge the arms of the seal ring apart against herein unless incompatible therewith . All of the features 
adjacent layers helping to maintain the seal and avoid disclosed in this specification ( including any accompanying 
failure . FIG . 7 thus illustrates the seal ring post swaging . claims , abstract and drawings ) , and / or all of the steps of any 

FIG . 8 illustrates an alternative embodiment of the present 65 method or process so disclosed , may be combined in any 
invention pre swaging . In the embodiment illustrated in combination , except combinations where at least some of 
FIGS . 8 and 9 the sealing ring has a first tapered arm 800 the features and / or steps are mutually exclusive . The inven 
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tion is not restricted to any details of any foregoing embodi 11 . The seal ring element as claimed in claim 1 , wherein 
ments . The invention extends to any novel one , or novel the first arm has a first length and the further arm has a 
combination , of the features disclosed in this specification second length shorter than the first length . 
( including any accompanying claims , abstract and draw - 12 . A method of providing a permanent fluid seal between 
ings ) , or to any novel one , or any novel combination , of the 5 a polymer layer and an end fitting of a flexible pipe , 
steps of any method or process so disclosed . comprising the steps of : 

The reader ' s attention is directed to all papers and docu as an inner end fitting member is secured to an end fitting 
ments which are filed concurrently with or previous to this body of an end fitting , simultaneously urging a first arm 
specification in connection with this application and which portion of an annular body of a seal ring element , 
are open to public inspection with this specification , and the 10 located in a recessed region between the inner end 
contents of all such papers and documents are incorporated fitting member and the end fitting body , radially 
herein by reference . inwardly and a further arm portion of the annular body 

radially outwardly ; 
The invention claimed is : wherein , before the seal ring element is energized , the first 
1 . A seal ring element for providing a permanent fluid seal 15 arm portion and the further arm portion are substan 

between a polymer layer and an end fitting of a flexible pipe , tially wedge shaped , wherein the first arm portion 
comprising : comprises an inner surface and the further arm portion 

an annular body that has a cross section comprising a first comprises an inner surface , and wherein the inner 
arm portion and further arm portion extending in a surfaces are progressively spaced away from the body 
spaced apart relationship away from a body end por - 20 end portion , to provide a flat bottomed V - shaped 
tion , wherein the first arm portion comprises an inner groove in the annular body facing away from the end 
surface and the further arm portion comprises an inner portion ; 
surface , and wherein the inner surfaces form abutment wherein the first arm portion tapers to a narrow first arm 
surfaces and are progressively spaced apart in a direc end region distal to a body end portion of the annular 
tion away from the body end portion , to provide a flat 25 body , and wherein a thickness of the first arm portion 
bottomed V - shaped groove in the annular body facing reduces when the seal ring is energized ; and 
away from the end portion ; wherein permanent deformation of the first arm portion 

wherein , before the seal ring element is energized , the arm and the further arm portion results in the permanent 
portions are substantially wedge shaped , the first arm fluid seal between the polymer layer and the end fitting . 
portion tapering to a narrow first arm end region distal 30 13 . The method as claimed in claim 12 , further compris 
to the body end portion ; and ing the steps of : 

wherein a thickness of the first arm portion reduces when urging an outer pipe body facing surface of the first arm 
the seal ring is energized . portion into a polymer layer of flexible pipe body 

2 . The seal ring element as claimed in claim 1 wherein an terminated in the end fitting when the first arm is urged 
outer pipe body facing surface of the first arm portion is 35 radially inwardly . 
substantially flat . 14 . The method as claimed in claim 12 , further compris 

3 . The seal ring element as claimed in claim 2 wherein the ing the steps of : 
outer pipe body facing surface of the first arm portion urging an outer polymer sleeve facing surface of the 
comprises at least one serration . further arm portion into a polymer sleeve , located in an 

4 . The seal ring element as claimed in claim 2 wherein the 40 annular space , in the recessed region , between the 
outer pipe body facing surface of the first arm portion annular body and the inner end fitting member or the 
extends into a pipe body facing surface of the end portion . end fitting body when the further arm is urged radially 

5 . The seal ring element as claimed in claim 1 , further outwardly . 
comprising : 15 . The method as claimed in claim 12 , further compris 

the further arm portion tapers to a narrow further arm end 45 ing the steps of : 
region distal to the end portion . urging an outer end fitting facing surface of the further 

6 . The seal ring element as claimed in claim 5 wherein an arm portion into a radially inwards facing surface of the 
outer polymer sleeve facing surface of the further arm inner end fitting member or the end fitting body when 
portion is substantially flat . the further arm is urged radially outwardly . 

7 . The seal ring element as claimed in claim 6 wherein the 50 16 . The method as claimed in claim 12 , further compris 
outer polymer sleeve facing surface of the further arm ing the steps of : 
portion comprises at least one serration . providing a positive pressure at an interface region 

8 . The seal ring element as claimed in claim 5 wherein the between at least one of the first and further arms and the 
outer polymer sleeve facing surface of the further arm end fitting body ; 
portion extends into a polymer sleeve facing surface of the 55 providing the positive pressure via at least one fluid 
end portion . communication passageway that extends from a 

9 . The seal ring element as claimed in claim 1 , further respective inlet at an inlet region of the end fitting body , 
comprising : in fluid communication with an inner bore region of 

the further arm portion comprises an outer end fitting flexible pipe body being terminated in the end fitting , to 
facing surface comprising a first flat region extending 60 a respective outlet in an annular nose - shaped region 
from a point at an end of a tip of the further arm portion , protruding from an abutment surface of the end fitting 
via a bend , to a further flat region extending towards the body ; and 
end portion . as the inner end fitting member is secured , driving the 

10 . The seal ring element as claimed in claim 1 wherein inner end fitting member against an abutment surface of 
the end portion comprises an abutment surface extending 65 the body end portion of the annular body thereby 
between a radially innermost and outermost surface of the driving the annular body against the nose - shaped 
annular body . region of the end fitting body . 



13 
US 10 , 364 , 925 B2 

14 
17 . The method as claimed in claim 12 , further compris two arms comprises an inner surface , and wherein the 

ing the steps of : inner surfaces are progressively spaced away from the 
providing the fluid seal between a polymer layer com body end portion , to provide a flat bottomed V - shaped 

prising an internal pressure sheath of a flexible pipe and groove in the annular body facing away from the end 
an end fitting of the flexible pipe . portion ; 

18 . A method of terminating flexible pipe body in an end providing an end fitting body at a cut end of the flexible 
fitting , further comprising the steps of : pipe body ; and 

cutting each of one or more layers of the flexible pipe securing the inner end fitting member to the end fitting 

body to a respective pre - determined length ; body whilst simultaneously energising the seal ring 
providing an inner end fitting member over an outer layer 10 element against a polymer layer of the flexible pipe 

of flexible pipe body ; body and a radially outer body comprising a polymer 
providing a seal ring element over the layer of the flexible sleeve or surface of the inner end fitting member or end 

fitting body , wherein a thickness of the first arm reduces pipe body , the seal ring element having a cross section 
that includes two arms which , before the seal ring when the seal ring element is energized ; and 

wherein permanent deformation of the arms of the seal element is energized , are substantially wedge shaped , a 
first arm of the two arms tapering to a narrow first arm element results in a permanent fluid seal between the 

polymer layer and the end fitting . end region distal to a body end portion , wherein the first 
arm comprises an inner surface and a second arm of the * * * * 


